drawal after surgery (P = .025), while the responses of the sham-operated were not significantly changed. After the operation the scores of the deganglionated group were significantly lower than the scores of the sham-operated group (P = .013). These results suggest that the siphon withdrawal component of the defensive reflex is mediated primarily by the central nervous system. This does not mean that all siphon withdrawal is centrally mediated. In the absence of the abdominal ganglion, the peripheral plexus is still able to move the siphon when it is directly stimulated. However, deganglionated animals are unable to perform an integrated withdrawal reflex that removes the siphon from view.
Since the siphon can move in the deganglionated animal, we sought to determine whether the sensitization of the reflex might be due to the facilitation of the relatively small peripherally mediated siphon movements. Twenty-four animals were matched as in previous experiments and all animals were given sensitization training (four shocks per day for 4 days) beginning 6 days after the habituation session. On the day after the last shock, half of the animals were deganglionated and the other half were sham-operated. All animals were given a 1-day postoperative retention test using a blind procedure (Table lb) . The deganglionated animals failed to show any effect of the previous sensitization training. In fact, these animals showed significantly less siphon withdrawal than they did previously (P = .025) (Table  lb) . By contrast, the sham-operated animals showed significant sensitization (P = .005) despite the intervening anesthetic and surgical procedure. Two days after the last shock, the median value of the sham-operated group was about 440 percent of the presensitization value. These results suggest that long-term sensitization of siphon withdrawal is centrally mediated.
The demonstration of long-term sensitization of defensive siphon withdrawal in Aplysia is a further extension of the short-and long-term forms of behavioral modifications that this simple reflex can undergo. Whereas habituation is perhaps the most elementary behavioral modification, sensitization is more complex because it involves changes in one reflex pathway as a result of activity in another one. As Groves 7 . Each shock (6 ma a-c between bipolar electrodes in seawater) lasted about 1 second and successive shocks within a day were separated by a minimum of 2 hours. The anterior mantle region is innervated by the branchial nerve, whereas the siphon region is innervated by the siphon nerve. It has been shown that reflex habituation produced by repetitive tactile stimulation of the siphon does not generalize to the anterior mantle region (3 the relative magnitude of the phenotypic (total) variance in different classes, and class differences in the proportion of that variance which is genetic (heritability in the broad sense). Scarr-Salapatek's two models make very simple predictions: either favorable environments increase the mean, the variance, and the heritability of intelligence or environments do not significantly affect intelligence at all.
Another hypothesis that might be as easy to 7 DECEMBER 1973 examines her calculations, one is forced to doubt whether she did, in fact, demonstrate lower heritability in disadvantaged groups, and this doubt can be made more explicit than was done by Dawes (3) . Estimates obtained from differences between statistics may have relatively large errors because they combine the two sampling errors of the statistics from which they were calculated. Scarr-Salapatek has compounded her sampling errors by taking differences between differences. First, to estimate the intraclass correlation coefficient for the monozygotic twins, Scarr-Salapatek subtracted the coefficient of the opposite-sex pairs from that of the same-sex pairs, after converting to Fisher z scores and weighting them according to the estimated proportions of monozygotic and dizygotic same-sex twins (1, p. 1287). The same-sex pairs were, by her estimates, approximately equally divided between monozygotic and dizygotic pairs, and the error of the transformed monozygotic coefficient in her formula is therefore at least twice the error of the transformed same-sex coefficient. The formula for heritability again subtracts the correlation coefficient of opposite-sex twins, this time from the indirectly obtained coefficient of monozygotic twins (1, p. 1290). When at last she compares heritabilities, the observed differences may be explained by chance variation.
To appreciate the degree of uncertainty surrounding Scarr-Salapatek's estimates, consider the 95 percent confidence interval for her estimates. The limits of this interval can be calculated for her intraclass correlation coefficients by adding + 1.96 times the square root of the sampling variances of the corresponding Fisher z scores.
The conventional large-sample variances may be used for the coefficients of same-sex and opposite-sex twins. The estimated coefficient for monozygotic twins requires a different calculation, its sampling variance (var) being a weighted sum of the variances of the two coefficients from which it was calculated:
where Zrimz is the transformed correlation coefficient for monozygotic twins, Zrims that for same-sex twins, and Zrios that for opposite-sex twins; SS., is the proportion of monozygotic twins among same-sex pairs, and SSdz is the proportion of dizygotic twins among same-sex pairs. This assumes the validity of her method of estimating the monozygotic intrapair correlation.
The coefficient for the middle and above median group of dizygotic black twins with respect to verbal aptitude scores, calculated by Scarr-Salapatek as .460, has 95 percent confidence limits at .241 and .635. For monozygotic twins in the same group, on the same tests, with a correlation coefficient estimated by her as .753, the possible range is .492 to .890. The wide overlap with the range for dizygotic twins would be even wider if one took into account the negative correlation between the coefficient of dizygotic twins and the derived coefficient of monozygotic twins. Yet this comparison was one of the most reliable (4). It is therefore not surprising that several of the groups in her study appeared to have negative heritabilities. Eaves and Jinks have presented a detailed mathematical criticism of this point (5) .
Finally, Scarr-Salapatek's attempt to estimate the intraclass correlation coefficient of monozygotic twins by an extension of Weinberg's difference method, attributed to Burt (6) , is of considerable methodological interest. Before other workers make the same attempt, the pitfalls should be noted, even though they do not affect ScarrSalapatek's conclusions.
Burt's approach assumed that partitioning the z-transformation of the same-sex intraclass correlation coefficient was equivalent to partitioning the components of variance represented in that coefficient. This is only approximately correct, and it seems more appropriate to partition the mean squares, also available. The formula used by Scarr-Salapatek (1, p. 1287) can be applied separately to between-pair and within-pair mean squares instead of to converted correlation coefficients. The adjusted mean squares are then used in the usual formula for the intraclass correlation coefficient. This procedure yields corrections ranging from -.028 to +.050 in the coefficients estimated for monozygotic twins, but these corrections are smaller than the presumed sampling errors. Sampling variances of the improved estimates can be obtained only by approximation (7), but are probably rather similar to those we calculated for Scarr-Salapatek's estimates.
Both methods of estimating intraclass correlation coefficients of monozygotic twins require three assumptions: (i) the usual Weinberg assumption, that samesex dizygotic twins occur in the same number -as opposite-sex twins or in a proportion that can be estimated from the sex ratio; (ii) that monozygotic and dizygotic twins have the same mean value (intelligence in this instance); and (iii) that variance within same-sex dizygotic pairs is equal to that within opposite-sex dizygotic pairs in all social classes. We are most interested in the third assumption. Actually, the variance among same-sex dizygotic pairs is almost always smaller than that among opposite-sex pairs, and subtracting the variance of opposite-sex twins from that of all same-sex pairs will remove too much of the variance. The remaining variance attributed to monozygotic twins will be an underestimate, and the intraclass correlation coefficient estimated by either method will be an overestimate. This exaggerates the heritability of the trait in question. It is an error in the conservative direction for ScarrSalapatek's purpose of demonstrating low heritability of intelligence in the disadvantaged class.
In summary, Scarr-Salapatek has presented a plausible model and a helpful approach to a difficult problem, but her data are insufficient. The approach might permit the exclusion of not one, but several significant hypotheses if the blood types -of such a series of twins were determined or, given a much larger series, even if they were not. GORDON cause of the inadequacies of available data. The latest major article, Scarr-Salapatek (1), furnishes a fresh set of data collected in a study of school-aged black and white twins grouped by social class. Studies of twins are frequently used to derive estimates of a trait's heritability (that is, the ratio of the genetic variance to the phenotypic variance) within a given population. That approach has yielded relatively consistent estimates of the heritability of IQ wi.thin white populations in the course of a number of investigations, but such estimates have been lacking for blacks and members of lower social classes. Scarr-Salapatek proposes that by filling the gap and by comparing the heritabilities estimated for each race and for the different social classes, competing predictions of simple nature and nurture hypotheses about the origins of between-group IQ differences can be put to the test. Thus, at first glance, this new study seems to promise the kinds of data that are needed to settle the issue at last.
Indeed, some readers will be tempted to believe that Scarr-Salapatek's report contains the definitive answer, especially because the sentiments expressed in the concluding paragraphs are so clearly fair-minded. Scarr-Salapatek states (and who would disagree with her?) that "Group differences in IQ scores and phenotypic variability that exist because of environmental deprivation can and should be ameliorated" (1, p. 1294). We wish we could as readily agree that her data convincingly establish that the between-group differences in IQ observed in her study do exist largely because of environmental deprivation. Nevertheless, we are compelled to question whether such a conclusion-or, in fact, any conclusioncan be drawn from these data, just as we seriously doubt that conclusions can be based upon the lines of evidence that other authors (2) have assembled in attempting to demonstrate the existence of group differences because of genetic factors.
Several technical difficulties in ScarrSalapatek's material will be obvious to most readers. They include: the loss of one-third of her starting sample, with the reasons for the losses apparently being differently distributed in the two racial groups (3); the need to estimate social class from census tract data rather than from known characteristics of the individual twins' families; and the extreme nonnormality of the test score distributions mentioned by the author. All combine to introduce into the analyses an unknown, but possibly substantial, amount of "noise." Confusion is added, too, by a number of discrepancies in the tables (4). Yet, we are troubled chiefly by another problem, one that is less likely to be recognized by many readers but that is more fundamental than the above shortcomings: All of Scarr-Salapatek's main analyses are based on the twin method, which, in turn, depends upon comparisons between monozygotic and dizygotic pairs and, hence, upon accurate zygosity determinations. But no tests of zygosity were made on this sample (5); not a single same-sex pair can be classified as to zygosity.
The author has sought to cope with this important omission by calling upon Weinberg's differential rule (6) , which postulates that same-sex and oppositesex pairs occur in about equal frequency among dizygotic twins. Presumably, therefore, one has only to subtract twice the number of oppositesex pairs from the total sample size to find the number of monozygotic pairs in the sample. This is the procedure that Scarr-Salapatek follows. Reliance on the Weinberg rule, however, has been called into question by several authors (7) . A recent review (8) of eight studies of twins shows that the proportion of same-sex dizygotic pairs predicted by the differential rule may be considerably less than the proportion actually found when blood-grouping is done. If the proportion of dizygotic pairs is underestimated, then, of course, monozygotic pairs are proportionately overestimated. In that case, analyses like Scarr-Salapatek's will almost certainly undervalue the genetic contribution to phenotypic variance.
We see three specific reasons to believe that the Weinberg rule fits ScarrSalapatek's sample poorly.
1) The correlations reported for the test scores of opposite-sex twins are frequently-in three out of nine comparisons within the black group and four out of nine comparisons within the white group-higher than the correlations for same-sex pairs as a whole and than the estimated correlations for monozygotic twins (1, tables 5 to 8, pp.
1290-1291). In a letter on ScarrSalapatek's article, Dawes (9) points out that such a finding is not to be expected on genetic grounds. We would add that it is not to be expected on environmental grounds either. with most other studies. In the absence of previous data on black and disadvantaged subjects, it is of course not possible to judge whether Scarr-Salapatek's data minimize the genetic contribution to differences in IQ as drastically within those groups as they appear to do for middle-class white subjects.
3) Finally, the sex distributions presented in table 13 (1, p. 1293) make it evident that, for the black group at least, the Weinberg rule is inappropriate. The rule rests on the assumption that the distribution of sexes is nearly equal among twins in any population. That assumption is certainly not met in the sample of black twins, which contains 194 female-female and 139 male-male pairs. (Carrying through on the Weinberg formula for this sample with 169 opposite-sex pairs, one would obtain estimates of 109 female and only 55 male monozygotic pairs. Or, if the basic assumption of the Weinberg rule is waived, the deviation in sex ratio of 41 percent males to 59 percent females found among the samesex black pairs may be assigned equally to monozygotic and dizygotic pairs, yielding 67 male to 97 female monozygotic pairs and 69 male to 100 female dizygotic pairs-a biased sample at best. And, then, how much further distortion occurs when this sample is subdivided by estimated ratings of social class?)
For the foregoing reasons, we believe that the zygosity estimates in Scarr-Salapatek's study cannot be accepted with any degree of certainty. It is difficult to see how the analyses, which hinge upon such estimates, can be considered meaningful.
Perhaps it is just as well that the data are not to be taken too seriously, for, otherwise, a true puzzle might confront us all. According to her own formulation, Scarr-Salapatek would have to demonstrate that heritabilities of the 7 DECEMBER 1973 test scores are higher in whites than in blacks, and higher in middle than in lower social classes, in order to support the theoretical model, which attributes group differences to the depressing effects of environmental disadvantages rather than to genetic differences. The author holds that her data on social class are consonant with the environmental disadvantage hypothesis. Actually, as noted by Dawes' letter (9) and in the author's reply (10), heritability estimates are missing for lower-class whites on both the verbal and nonverbal aptitude tests and for lowerclass blacks on the nonverbal tests owing to the methodological problems detailed above. Hence, we contend that hypotheses about social class differences in IQ are untestable with ScarrSalapatek's data.
For blacks and whites within social classes, however, some comparisons are possible, and there is where the puzzle would come in. Of the four possible comparisons [using either hr2 or ha2 in table 9 (1, p. 1292)], three show the estimated heritability ratios for blacks to exceed, by at least 50 percent, those for the white group. The environmental disadvantage explanation of black and white differences in IQ would predict the reverse. Fortunately, the methodological difficulties that we have noted make it unnecessary to worry over the seeming contradiction between the reported results and expectations of the environmental hypothesis.
Emotionally and intellectually, we concur in the belief that the environmental hypothesis is the correct explanation for observed differences in IQ between groups, at least between blacks and whites. Our point, however, is that Scarr-Salapatek's data do not provide the longed-for evidence in support of that hypothesis.
L 
Model Testing
The posing and testing of competing models to explain the human data on intellectual variation is an extremely difficult task, made -nearly impossible by the requirement that each study meet all possible criticisms. Many potential investigators, especially the biometricians (2, 3), can specify ideal designs for genetic research on behavior. Their specifications for ideal studies are so extraordinary, however, that no research is likely to meet their criteria of sample size, composition, minimum standard errors of estimate, and so forth, unless a giant, collaborative effort were launched. To predict from past performance, the critical research will certainly not be done by those who demand such rigor from others.
There is also an irony in their demands: as Barker (4) has pointed out, the higher the estimated heritability, the fewer the pairs of related persons needed to detect statisticaly significant genetic variance, because the power of the test increases as heritability estimates increase. Thus, if heritabilities are low, as predicted for disadvantaged populations, their detection is nearly impossible by biometrical standards. There is an overwhelming bias in favor of accepting the results of studies with high heritability estimates.
There has never been a study of the effects of genetics on human behavior that could withstand all of the criticisms leveled at mine. Does this mean that we know nothing about the effects of genetic and environmental differences on behavior? Nonsense. I believe we do know that genetic differences play an important role in the distribution of individual differences for many characteristics in some populations. Our knowledge is based not on one critical study, but on the accumulated weight of evidence from many partially flawed investigations. Strong inferences can often be made on the basis of such data (5).
I agree that we do not yet have a sufficiently sound basis for making strong inferences about possible differences in the expression of genetic variants within and between many populations and subgroups. The pattern of results I obtained suggested one set of interpretations regarding environmental differences, but more definitive studies are obviously needed.
I agree with Allen and Pettigrew that more models than the two simple ones proposed can and should be tested. In fact I said so (1, p. 1287), but not as eloquently or explicitly as they have. My choice of the two simple and opposing models was not random, however, but was based on prevailing views in the controversy over the relative importance of genetic and environmental differences in intellectual differences. 
that largely determine differences between members of the population in growth and adult physique. In an environment that is suboptimal and perhaps changes from time to time, as in periodic famines characteristic of much of the world, differences between members of the population reflect the social history of the individuals as much as their genetic endowment.
Tanner went on to discuss the fact that the growth of some ,individuals is affected more severely by deprivation than the growth of others. In other words, environmental deprivation-in this case nutritional, social, and emotional disadvantages-has a generally depressing effect on average physical growth in a total population and both a depressing and variable effect on the expression of genetic differences among individuals. A principal effect is lowered heritability of differences in physical growth in disadvantaged populations.
To the extent that intellectual growth is similar to physical growth (by being cumulative and subject to (i) individual zygocity could not be determined for each pair because the twins were not seen; (ii) social class ratings depended upon census tract data and thus described neighborhood, not individual, characteristics (which may have been an asset, not a liability, if one goal is to describe the schoolaged child's environment); (iii) the raw test data were skewed and had to be normalized; and (iv) small fluctuations in sample size (of less than .02 percent) occurred in the tables. This "bias" occurred because a few children failed to correctly answer a sufficient number of items on a particular subtest to obtain a scaled score; total scores were extrapolated from other subtests by the school testing service (a very trivial point).
Less obvious "technical difficulties" cited by Erlenmeyer-Kimling and Stern pertain to sample losses and to the appropriateness of the Weinberg method.
1) Sample losses, they say, may be differently distributed in the two racial groups. In fact, the total public school twin population, as reported (1) note 26), the results can only be applied to children in normal, public school classrooms.
2) They state that one-third of the starting population was lost. This is not true. As explained in note 27 (1), the aptitude tests were given in every other grade from 2 through 12. Thus, 282 pairs were too young to take the tests, and five grades were not tested in the year we collected data. We actually tried to go back to the previous year's records to obtain aptitude scores on those not currently tested, but this was only possible if a child had not changed schools (because test records were kept only by school building at that time). Of the 1115 pairs in regular classrooms of grades 2 through 12, the sample tested should have included six-elevenths of the total (660) plus some others who remained in the same school building. Since we had aptitude test scores on both members of 778 pairs, I cannot concede that one-third of the sample was los' for biased reasons.
3) Erlenmeyer-Kimling and Stern suggested that the Weinberg differential rule, based on equal numbers of same-sex and opposite-sex dizygotic twins, may be inappropriate. If James (8) is correct in saying that the ratio of same-sex to opposite-sex dizygotic twins is 7: 6, then the proportion of monozygotic twins was lower than calculated. Therefore, the estimated monozygotic correlations should have been slightly higher than calculated in all groups. The pattern of results would remain exactly the same, however. 4) They assert that higher opposite-sex than same-sex correlations were sometimes obtained, a finding not to be expected on genetic or environmental grounds. I certainly agree, except that Erlenmeyer-Kimling and Stern must recognize that these slight differences fall well within the range of the sampling errors they apply so rigorously to other aspects of the study. Furthermore, I replied to this point previously (7). 5) They correctly note that the sex ratio in the black sample was not the ideal 1: 1, and -they claim that the unusual sex ratio makes the Weinberg rule inapplicable. Let me examine the consequences of this bias.
As noted earlier, the ratio of black to white pairs was the same in the total twin population and in the final sample. The ratio of same-sex to opposite-sex pairs (the central requirement of the Weinberg rule) was also the same in 7 DECEMBER 1973 the twin population and in the final sample. Black opposite-sex pairs were 34 percent of the original population and 33.6 percent of the tested sample; white opposite-sex pairs were 30 percent of both groups. Upon further examination, we discovered that proportionally fewer black males and more black females had actually been tested. For unknown reasons, the larger number of black same-sex females tested had compensated for the loss of black same-sex males, thereby maintaining the racial balance and the same-sex to opposite-sex ratio. One could speculate about the reasons for the unequal sex ratio of black pairs in the public schools and in the tested sample, but the main concern here is how the overrepresentation of female pairs could affect the Weinberg rule. Since the same-sex to opposite-sex ratio was constant, and since there were no sex differences in test scores (1), I do not believe that the final sample was biased in any important way.
6) Erlenmeyer-Kimling and Stern criticize the study's failure to replicate the high heritabilities often reported for general IQ scores in studies of white, middle-class samples. Upon closer inspection of the reported twin studies, one finds the claimed unanimity of results to be highly misleading, based primarily on the questionable reports of Burt's studies (3, 9) and on the use of median data (10).
Erlenmeyer-Kimling has unfortunately perpetrated the view that the heritability of IQ can be calculated for any population. Others have long ago shown that 'multifactorial approaches to intellectual skills yield not only different heritabilities for different measures at different ages in the same population, but also that various components of intelligence may have different sources of genetic variance (11). 7) They ridicule the suggestion that disadvantaged and black children have lower heritabilities for aptitude scores than advantaged and white children. I agree that statistically the pattern of results I obtained was not strictly defensible, but a new study, with improved methodology, is forthcoming. Four hundred pairs of adolescent twins, stratified by race and social class, were studied in Philadelphia (12) . Five cognitive skills and many other variables of personality, selfesteem, physical growth, and medicaldental status were assessed. All twins were given extensive blood tests. Several models of genetic and environmental differences will be tested. The study will 
